Introduction
Cognitive impairment is common in people with chronic kidney disease (CKD) [1, 2] and end-stage renal disease (ESRD) [3] . People with CKD have lower cognitive scores [4] and higher rates of cognitive decline than those without CKD [4, 5] . Cognitive impairment is also associated with the severity of kidney disease [6] [7] [8] [9] , with the greatest cognitive impairment observed in those with ESRD [10] . Cognitive impairment is associated with an increased risk of death in individuals with ESRD [11] and is an independent risk factor for death in the general population [12] [13] [14] [15] [16] . To the best of our knowledge, the relationship between cognitive impairment and death in people with non-dialysis-dependent CKD has not been characterized, nor has the strength of the relationship between cognitive function and death been compared between individuals with and without CKD. Therefore, using data from the Third National Health and Nutrition Examination Survey (NHANES III), we investigated whether a relationship between poor cognitive function and death exists among individuals with non-dialysisdependent CKD, and if so, whether the strength of this relationship differs among individuals with and without CKD.
Materials and Methods
Study Population NHANES III was a cross-sectional survey of the noninstitutionalized, civilian population of the US conducted between 1988 and 1994 [17] . A complex, multistage sampling design was employed so that results could be extrapolated to represent the general US population as of the early 1990s [18] . Participants were included in this analysis if they were older than 60 years, completed the age-appropriate cognitive assessment at the time of the home interview, and had estimated glomerular filtration rate (eGFR) ^ 150 ml/min/1.73 m 2 . A random sample of participants between the ages of 20 and 59 years received a different cognitive assessment than individuals older than 60 years [19] and were not included in this study.
Cognitive Assessment and Scoring
Cognition was assessed in participants older than 60 years using an abbreviated version of the Mini-Mental State Examination (MMSE) [17, 20] . Trained personnel asked participants to serially subtract 3 from 20 five times and to perform immediate and delayed recall of 3 items (table, apple, and penny). A score of 1 was assigned for each correct response. Thus, the range of possible scores was 0-11.
Baseline Data Ascertainment
Trained personnel gathered baseline medical information. Diabetes was defined as self-reported history of diabetes, use of oral hypoglycemic agents or insulin, or fasting plasma glucose 6 126 mg/dl. Hypertension was defined as systolic blood pressure 1 140 mm Hg and/or diastolic blood pressure 1 90 mm Hg, current treatment for hypertension, or if the participant was ever told to take medication for high blood pressure or she/he had hypertension. Physical inactivity was defined as no reported leisure time physical activity. eGFR was estimated by the 4- [21] . Serum creatinine was measured using a kinetic rate Jaffe method and recalibrated to standardized creatinine measurements obtained at the Cleveland Clinic Research Laboratory (Cleveland, Ohio, USA) as standardized creatinine = -0.184 + 0.960 ! NHANES III measured serum creatinine [22] . CKD was defined as an eGFR ! 60 ml/min/1.73 m 2 . Individuals with eGFR 60-150 ml/min/1.73 m 2 were classified as not having CKD. Those with eGFR 1 150 ml/ min/1.73 m 2 were excluded from this analysis. Serum and plasma specimens from collection sites were transported on dry ice to the central laboratories and stored at -70 ° C until analysis. Serum 25-hydroxyvitamin D level was measured by a radioimmunoassay (RIA) using INCSTAR Corporation 25-Hydroxyvitamin D 125 I RIA kit (Stillwater, Minn., USA). Serum C-reactive protein (CRP) was measured by latex-enhanced nephelometry using a Behring Nephelometer Analyzer System using reagents from Behring Diagnostics Inc. (Somerville, N.J., USA).
Follow-Up Data
The National Center for Health Statistics created a NHANES III Linked Mortality File that contains mortality follow-up data from the date of NHANES III survey participation. This information was based upon the results from a probabilistic match between NHANES III and National Death Index death certificate records, the details of which are provided elsewhere [23] . Mortality data up until December 31, 2000 were used in this analysis .
Statistical Analyses
We used the svy suite of commands in Stata 11 (Stata 11, College Station, Tex., USA) and followed the analytical guidelines for NHANES data proposed by the Centers for Disease Control [18] . It should be noted that the svy suite of commands in Stata use the survey design elements of NHANES to calculate the expected means and proportions of the entire US, non-institutionalized, civilian population. Based on the distribution of the cognitive scores, 4 cognitive score groups were categorized: maximum score of 11 (57.1%), score of 9-10 (23.4%), score of 6-8 (14.0%), and score of 0-5 (5.5%). Distributions of baseline characteristics across the four cognitive groups were examined with 2 contingency table analysis for categorical variables and analysis of variance for continuous variables; both using the svy set of commands in Stata 11.
Analyses of Low Cognitive Score in the CKD and Non-CKD Subpopulations
Logistic regression was used to relate the odds of a low cognitive score (0-5) to the presence of CKD first in an unadjusted analysis followed by adjustment for demographic factors (age, gender, race, education, and income) history of cardiovascular disease (myocardial infarction, congestive heart failure, and stroke), hypertension, diabetes, physical inactivity, smoking, and alcohol use.
A multivariable logistic regression model was used to examine potential factors associated with low cognitive score (0-5) in the CKD and non-CKD subpopulations. Demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, eGFR, serum 25-hydroxyvitamin D, CRP, hemoglobin, and urinary albumin to creatinine levels were included in the model. CRP and urinary albumin to creatinine levels were log-transformed to better approximate normality since these variables were highly skewed.
Survival Analyses
Cox models were used to examine the association between cognitive score and death. Eight groups were categorized based on the presence or absence of CKD and the four cognitive score groups (11, 9-10, 6-8 and 0-5). The hazard of death was determined in the eight groups, with the non-CKD and cognitive score of 11 group serving as the reference group in unadjusted (model 1) and adjusted models. Adjustments were made for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, and albuminuria (model 2). Model 3 was further adjusted for serum CRP, serum 25-hy-droxyvitamin D, and hemoglobin levels. Assumptions of proportional hazards were examined by comparing the logarithm of the hazard ratio for each predictor variable in the first 3 years of follow-up to the logarithm of the hazard ratio of the predictor variables after 3 years. Cognitive function groups did not violate proportionality assumptions. Gender and history of stroke were the only factors that violated proportionality assumptions and were included as stratification variables instead of covariables.
Cox analyses were next performed in the CKD and non-CKD subpopulations, separately. Within each subpopulation, the hazard ratio of death was determined for each cognitive score group compared to those with score of 11. Similar adjustments were made as in the previous Cox analysis, except that eGFR was included as a covariate in models 2 and 3. Likewise, gender and history of stroke were stratification variables in these models.
Two methods were used to examine if there was an interaction of CKD with low cognitive score and death. In each subpopulation, the association of cognitive score with mortality was analyzed as a continuous variable after adjusting for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, eGFR, and albuminuria in separate Cox models. Regression coefficients from each Cox model were compared using a large sample normal approximation. In the second, we used a large-sample 2 approximation with 3 degrees of freedom to compare the log hazard ratios corresponding to the cognitive score categories between the CKD and non-CKD subpopulations.
Results

Baseline Characteristics
Of the 20,050 NHANES III participants, 5,086 (25.4%) were older than 60 years, underwent the cognitive assessment, and had eGFR ! 150 ml/min/1.73 m 2 . Table 1 presents characteristics of these participants according to cognitive score (11, 9-10, 6-8, and 0-5). As expected, those with the lowest cognitive score were older. This group also had a greater proportion of individuals who were African-American, received ! 12 years of education, had an annual family income USD ! 20,000, had diabetes and cardiovascular diseases, and had no leisure physical activity. A lower percentage of participants in the low cognitive score group consumed alcohol at the time of participation as well. Lower eGFR, hemoglobin, and serum 25-hydroxyvitamin D levels were also observed in those with the lowest cognitive score ( table 1 ) .
In this group of participants older than 60 years, 21.5% had CKD. Figure 1 presents the percent of individuals within each cognitive score group according to CKD status. A lower percentage of individuals in the CKD subpopulation achieved the maximum score of 11 and a higher percentage were in the lowest cognitive score category in comparison to the non-CKD subpopulation. The unadjusted odds of low cognitive score in the CKD subpopulation were 1.36 (95% CI 1.09-1.71) compared to the non-CKD subpopulation. However, this association became non-significant (OR 1.06, 95% CI 0.62-1.81) after adjusting for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, and alcohol use. In a sensitivity analysis, the odds of less than maximum score ( ! 11) were not different between the CKD and non-CKD subpopulations after identical adjustment.
Factors Associated with Low Cognitive Score
Physical inactivity, less than 12 years of education, and African-American race were associated with low cognitive score (0-5) in both non-CKD and CKD subpopulations. Increasing age, male gender, annual family income USD ! 20,000, and history of myocardial infarction were additional factors associated with lower cognitive score in the non-CKD subpopulation ( table 2 ) .
Survival Analyses
The unadjusted probability of survival was progressively lower among those groups with lower cognitive scores in both the non-CKD and CKD subpopulations ( fig. 2 ) . Table 3 presents results from Cox regression models in which the hazards of death were determined in subgroups partitioned by CKD status and cognitive score. Those without CKD and a score of 11 served as the refer- ence group. Compared to those without CKD and with a cognitive score of 11, all other subgroups had a higher hazard of death in unadjusted analyses ( table 3 ) . After adjusting for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, and albuminuria, with gender and history of stroke as stratification variables, the hazard ratios of death for all other subgroups were greater than the reference group ( table 3 , model 2). The hazard ratio of death was 2.84 for those in the CKD and lowest cognitive score group compared to the reference group. Further adjustment for CRP, hemoglobin, and serum 25-hydroxyvitamin D level minimally attenuated these hazard ratios ( table 3 , model 3). Similar Cox analyses were performed separately for the non-CKD and CKD subpopulations ( table 4 and fig. 3 ) to analyze the relationship between cognitive score and death within these subgroups. In unadjusted analyses, the hazard ratios of death were greater with progressively lower cognitive scores in the non-CKD and CKD subpopulations. This dose-response relationship between cognitive score and mortality persisted in each subpopulation after adjustment for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, eGFR, and albuminuria with stratification by gender and history of stroke. In the low cognitive score groups, the hazards of death were 1.46 in the non-CKD subpopulation (95% CI 1.07-2.01) and 2.03 in the CKD subpopulation (95% CI 1.16-3.55) compared to those with cognitive score of 11 in the same subpopulation.
Using cognitive score as a continuous variable in Cox analyses, the hazards of death were 0.96 (95% CI 0.92-1.01) in the non-CKD subpopulation and 0.93 (95% CI 0.87-1.01) after adjustment for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, eGFR, and albuminuria with stratification by gender and history of stroke. The difference between the Cox regression coefficients in the CKD and non-CKD subpopulations was not significant when the cognitive score was treated as a continuous variable (p = 0.99) or when it was categorized as in table 4 (p = 0.99). 
Discussion
In this study, the cognitive assessment administered to NHANES III participants older than 60 years during the home examination was used to test the hypothesis that poorer cognition is associated with an increased hazard of death in older individuals with non-dialysis-dependent CKD. Compared to those without CKD and maximum cognitive score, those with CKD and low cognitive score (0-5) had a nearly threefold increased hazard of death. As expected, CKD itself explains a portion of this increased hazard since those with CKD and maximum cognitive score had a 73% increased hazard of death compared to those without CKD and maximum cognitive score. Still, within the CKD subpopulation, those with low cognitive score had a twofold increased hazard of death compared to those with maximum score. Therefore, the results of this study suggest that poor cognitive score among older individuals with non-dialysis-dependent CKD is associated with an increased risk of death, as it is in the general population and those with ESRD. Similarly, low cognitive score was associated with a 46% increased hazard of death compared to those with maximum score in the non-CKD subpopulation, consistent with previous studies that have observed an association between cognitive impairment and an increased hazard of death in the general population [12] [13] [14] [15] [16] .
We also sought to test the hypothesis that individuals with CKD and lower cognitive score have a greater risk of death than those without CKD and similar cognitive score. Using the cognitive assessment in NHANES III, lower cognitive score was associated with an increased hazard of death in the CKD and non-CKD subpopulations; however, there was no difference in the hazards of death between the CKD and non-CKD subpopulations. These results suggest that there is no interaction effect of CKD on the relationship between low cognitive score and mortality, even though people with CKD have an overall greater risk of death compared to those without CKD.
Furthermore, after adjusting for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, and alcohol use, the CKD subpopulation did not have higher odds of having either low cognitive score (0-5) or less than maximum cognitive score ( ! 11) compared to those without CKD. Thus, even though cognitive impairment is common in people with CKD, we were unable to detect a differential risk of having poor cognitive score among NHANES participants with and without CKD that was independent of these factors.
The reasons for an overall increased risk of death among individuals with CKD and lower cognitive score in this study are speculative. As in the general population, cognitive impairment might lead to non-adherence with medications [30] or increased risk of accidents or falls [31] in those with CKD, which may account for the increased risk of death observed. Other studies have found associations between cognitive impairment and metabolic syndrome [32] , inflammation [33] [34] [35] , insulin resistance [36] , muscle strength [37] , physical inactivity [38] , and subsequent dementia [39] . However, adjusting for several of these factors did not attenuate the hazard of death in individuals with CKD and low cognitive score.
The major strength of this study is that it was conducted using data from a large cohort of individuals assembled to represent the non-institutionalized, civilian US population. Furthermore, the cognitive test used components of the MMSE [20] , which is routinely administered in clinical practice. Assessing cognitive function using this abbreviated form of the MMSE in the clinic might be a simple and rapid way to identify individuals at increased risk of death.
Like any observational study, unmeasured residual confounding needs to be considered while interpreting the results. Also, we can only infer that the relationships in this analysis identify associations and not causative pathways. The cognitive function test was an abbreviated version of the MMSE [20] . Hence, it is possible that those with the maximum possible score on the NHANES III administered cognitive assessment might still have cognitive impairment, potentially leading to misclassification bias. A different cognitive test was performed in NHANES III participants older than 60 years during the examination. However, because there were 1 1,000 fewer observations during the examination than the home interview, we restricted the analysis to the home-administered cognitive assessment. The attention, calculation, and memory components in this abbreviated version of the MMSE are unable to detect deficiencies in other cognitive domains such as executive function; hence, the relationship between other cognitive domains and death in CKD could not be investigated in this analysis. Since just 69 of the 1,094 NHANES III participants with CKD had stage IV CKD, we cannot rule out the possibility that an Hazard of death according to cognitive score (CS) within the non-CKD and CKD subpopulations after adjusting for demographic factors, history of cardiovascular disease, hypertension, diabetes, physical inactivity, smoking, alcohol use, eGFR and albuminuria; stratified by gender and history of stroke. Separate Cox models were performed for each subpopulation. Those with the maximum cognitive score of 11 serve as the reference group within each subpopulation. interaction of cognitive function and death might be present in people with more advanced predialysis CKD. Additionally, these results are only applicable to individuals older than 60 years. As the NHANES III population consisted of non-institutionalized civilians, institutionalized individuals with dementia are excluded from this study. This might have underestimated the association of cognitive function and mortality in CKD. Finally, depression could potentially influence performance on the test. Depression could not be accounted for in this analysis because adults older than 40 years of age were not assessed for depression in NHANES III.
In summary, an inverse relationship between cognitive score and death was observed in older individuals with and without CKD; however, there is no interaction effect of CKD on this relationship.
